Aim: To investigate pro-inflammatory markers in the blood and associate with cognitive impairment. Methods:: Il-6 and ferritin were assayed in the blood of 27 patients, divided according to Lesch typology, at the commencement and after 21 days of detoxification, together with a battery of cognitive tests. Results: A significantly higher mean level of IL-6 was present in the blood of patients with Lesch typology 1 compared to the other typologies 2 and 3 on admission to the Detoxification Ward which did not alter significantly after detoxification. The mean level of IL-6 was initially elevated in Lesch typology 2 alcohol abusers and declined to the reference range after detoxification. Lesch typology 3 alcohol abusers showed normal levels of IL-6 at both time points. Only in Lesch typology 1 were the levels of ferritin and IL-10 significantly elevated at the start of the detoxification process. Cognitive impairment, as ascertained by Stroop test and Brown-Peterson procedure was greater in Lesch typology 1 than the other 2 patient groups. Conclusion: Such data might indicate a greater degree of neuroinflammation in Lesch typology 1 alcoholic patients. Short summary: Dividing a heterogeneous group of alcoholic subjects into homogenous groups according to Lesch typology, identifies a greater pro-inflammatory profile in Lesch typology 1 patients who also showed greater cognitive impairment.
INTRODUCTION
The brain is a major target for the neurotoxic effects of alcohol, heavy alcohol consumption inducing selective neuronal loss, reduction of synaptic complexity in specific brain regions, for which neuroinflammation maybe a major contributing factor. Such alcoholinduced changes may precipitate various neurological dysfunctions such as working memory, attention control, depression, anxiety and response inhibition (Kopera et al., 2012) .
Analyses of post-mortem brains of human alcoholics have indicated that excessive alcohol consumption leads to microglial activation and therefore neuroinflammation. For example, one post-mortem study of 15 alcoholic brains, (compared to age-matched controls), showed a 2-3-fold increase in the concentration of the chemokine MCP1 in the ventral tegmental area, the substantia nigra, hippocampus and amygdala nuclei, (He and Crews, 2008) which interestingly corresponded to CYP2E1 expression in the same areas after ethanol treatment (Monitoliu et al., 1995; Haorah et al., 2008; Jin et al., 2013) , the products of the latter enzyme system possibly activating microglia. Another study of fixed post-mortem chronic alcohol abusers brain tissue, who had presented with cirrhosis with or without hepatic encephalopathy, HE (HE manifests clinically with mild cognitive symptoms such as poor judgement, confusion and forgetfulness), indicated that microglia were activated in patients with HE, as shown by hypertrophied cell bodies and short, thickened processes. Elevated levels of IL-6 were assayed in brain supernatants (Dennis et al., 2014) , although IL-4, IL-10 and IFN-λ were unchanged. Animal studies have shown an elevation of TNF-α, IL-1β and IL-6 levels in the brains of rats after chronic alcohol consumption, (Qin et al., 2008; Zhao et al., 2013) as well as deterioration of memory and learning processes. Contradictory results have also been reported, one PET scanning study showing little evidence for activated microglia in detoxified alcoholic subjects (Lingford Hughes and Kalms personal communication), while studies of chronically alcoholised rats and post-mortem alcoholic brains reported down regulation of the transcription factor NFkappaB in specific brain regions (Ward et al., 1996 and Okvist et al., 2007, respectively) , indicating possible neuromodulation in the chronically alcoholised brain. Whether such alterations in microglia activation are reflected by changes in the pro-inflammatory and anti-inflammatory mediators in the systemic circulation remain unclear.
It is clear that peripheral inflammation can trigger a neuroinflammatory response, since the blood brain barrier, BBB, is permeable to pro-inflammatory mediators derived from peripheral inflammation, as well as to the migration of leucocytes migration the brain (de Vries et al., 1996; Laflamme et al., 1999) . Cytokines such as TNFα, IL-6 and IL-1β, will have adverse effects on the integrity of the BBB, altering the resistance of the tight junctions in the endothelial cells in the brain vasculature (Wong et al., 2004) , thereby enabling the entry of leucocytes into the brain (Laflamme et al., 1999; Terrando et al., 2011) . In addition, IL-6 has been identified as an important cytokine in memory formation, being an inhibitor of long term memory formation (Balschum et al., 2004) , some data implicating IL-6 in the mechanisms controlling the kinetics and amount of information stored in the brain.
Increased serum levels of pro-inflammatory cytokines are reported in chronic alcohol abusers with alcoholic liver disease (ALD) (McClain et al., 1999) , liver cirrhosis (Schafer et al., 1995) in comparison to age and sex matched controls. During alcohol detoxification, changes in pro-inflammatory cytokines have been reported in some studies (Leclercq et al., 2014) but not in others (Heberlein et al., 2014) . The explanation for this may be caused by the heterogeneity of the alcoholic patients studied. Indeed when alcoholic patients were divided according to the presence or not of liver disease, an imbalance of the inflammatory immune response was identified which manifested in decreased levels of immune inflammatory cytokines (Qu et al., 2016) Increased levels of IL-6 and TNFa have also been related to major depression (MD) (Neupane et al., 2014) , and alcohol craving (Heberlein et al., 2014) while levels of IL-10 showed varied responses to these two parameters, being increased in some studies (Neupane et al., 2014) but not in others (Leclercq et al., 2012) . IL-10 is reputed to prevent the effects of lipopolysaccharides on mood and cognition which may have a positive impact on human cognitive performances (van den Boogaard et al., 2010) . Lipopolysaccharides have been suggested to play an important role in the activation of cytokines, being released from the gut as a result of increased gut permeability caused by chronic alcohol abuse (Rao et al., 2004) .
Therefore in these present studies pro-and anti-inflammatory cytokines were assayed in the blood of detoxifying alcoholic patients at time 0 and after 21 days to ascertain whether a pro-inflammatory profile existed. Neuroinflammation, possibly inducing cognitive dysfunction and depression, were indirectly assessed by Stroop test, Brown-Pederson procedure and Beck questionnaire, respectively, and then correlated with the cytokine profile. In past decades various attempts have been made to classify groups of alcohol abusers into homogenous groups which would be important in dictating the outcome of alcohol detoxification and predicting certain therapeutic approaches which are most appropriate for each group, thereby leading to better results and a higher chance of lasting abstinence. Therefore, in the following study the patients were divided according to Lesch typology. The Lesch Typology, which was introduced over 10 years ago, and based on data from a longitudinal study of 436 alcoholdependent patients which were grouped into 4 distinct groups: (1) the allergy model (craving caused by alcohol), (2) the conflict resolution and anxiety model (craving caused by stress), (3) the depressive model (craving caused by mood) and (4) the conditioning model (craving).
METHODOLOGY
Overall, 24 alcohol-dependent-subjects, verified by DCMIV, were admitted to the detoxification Unit at Brugmann Hospital for a minimum of 21 days and consented to participate in the Clinical Study. The study was approved by the hospital ethics committee. Exclusion criteria for inclusion in the study included major medical or psychiatric conditions, rheumatoid arthritis, liver cirrhosis, liver hepatitis dependence on other substances of abuse besides alcohol, infectious or inflammatory processes. In addition no antibiotics or non-steroidal anti-inflammatory agents had been administered during the previous 3 months or medication for inflammatory or allergic conditions. A history of drinking patterns was collected which included length of alcoholism, extent of alcohol consumption during the previous three months and the number of previous detoxifications. A series of questionnaires, AUDIT score and Beck depression scale, as well as psychological and psychiatric tests, Stroop test (inhibition) and Brown Pederson (working memory) were completed by a trained psychologist. Each of the patients were classified according to Lesch typology and grouped accordingly; typology 1, n = 7, typology 2, n = 5 and typology 3, n = 12, there being no patients being categorized into Group 4 typology.
Blood was collected from each patient 24 h after the commencement of detoxification and at 21 days. At each time point a total haematological screen was obtained, including red and white cell counts, while biochemical profiles and markers of systemic inflammation (ferritin, TNFα, IL-6) as well as IL-10, were assessed in the plasma, after the blood had been centrifuged at 3000 g for 15 min.
The biochemical results are presented as mean ± SEM. Data were analysed by one way analysis of variance using GB Stat (GB-Stat 5.3 for Windows, Dynamic Microsystems, MD, USA) with significance, P < 0.05, being calculated by Fischer test. The results of the neuropsychological tests (Brown Peterson and Stroop) were transformed to Z score (normed score) in order to compare them, these scores being distributed on a Gauss curve. Based on the Lesch typology, these scores were divided into three categories and the means calculated.
RESULTS
All patients were judged to be alcohol dependent by DSM-IV. Table 1 shows the dermatological data for the patients divided according to Lesch typology. There was a significantly higher consumption of alcohol in Lesch typology 1 patients by comparison to Lesch type 2 (P < 0.01) and Lesch type 3 (P < 0.05) patients. In addition Lesch type 1 patients showed a younger age, 32.9 years, at which drinking control was lost, although this did not reach significance. The anxiety scores were comparable between the three groups. The mean level for ESR and CRP was elevated in Lesch typology 2 patients compared to Lesch typology 1 patients.
The activities of the three liver enzymes, AST, ALT and GGT at the start and 21 days after detoxification are shown in Table 2 , the patients being divided according to Lesch typology. Although all of the liver enzymes were elevated by comparison to the reference ranges, 15-40, 10-40 and10-72 IU/l, respectively, in the initial blood samples, after 21 days of detoxification, only GGT remained elevated in Lesch typology 3 patients.
Overall the mean level of ferritin was increased to the reference range (11-326 ng/ml), at the start of detoxification and decreased significantly, P < 0.05, to the reference range after 21 days of detoxification. However when the results were divided according to Lesch typology, it was clear that the Lesch typology 1 patients showed significantly higher levels of ferritin during the initial stages of detoxification than Type 2, P < 0.05, and Type 3, P < 0.01 (Fig. 1) , which decreased to the normal range after 21 days of detoxification.
When all of the patients were combined, the mean level of IL-6 was significantly raised, to the reference range at time 0 (>10 pg/ml), and had decreased significantly P < 0.05, after 21 days of detoxification. However a different picture of response was evident when the patients were divided according to Lesch typology. The concentration of IL-6 was elevated to the reference range at both time points in Lesch typology 1 patients (Fig. 2) . In contrast, Lesch typology type 2 patients showed elevated levels of IL-6 initially which decreased to normal levels after detoxification, while Lesch typology 3 patients showed normal levels of IL-6 at both time points of the study. The levels of TNFα were elevated to the reference range, 0.2-2.53 pg/ml, while the levels of IL-1β were within the reference range, 0.2-0.6 pg/ml. No discernible changes in concentration were evident between the three groups when divided at time 0 or after 21 days of detoxification (data not shown).
Overall the mean concentration of IL-10 was significantly elevated, P < 0.05 between the two time points of detoxification. However when the patients were divided according to Lesch typology, the mean level of IL-10 was significantly higher in Lesch typology 1 patients compared to the other two groups. Furthermore the mean level of IL-10 in Lesch typology 1 patients decreased after 21 days of detoxification, while Lesch typologies 2 and 3 showed little change in IL-10 concentration between the two time points (Fig. 3) .
The Brown Peterson Procedure refers to a cognitive exercise which tests the limits of working memory capacity. The Z scores are very close to each other (the norm of the scores is between −2 and +2). However, a small numerical difference between two scores can mean a big difference in neuropsychological interpretation. For example, a subject with a score of −1.90 at a test will have a score in the inferior norm, while a subject with a score of −2.1 would be considered to show impairment.
In these present studies the mean scores for Lesch typologies 2 and 3 are located within −1 and +1 around the mean, Table 3 , while the scores for Lesch typology 1 are located between −1 and −2 standard deviation (for all parts of the test except the first part without interference time). This would imply that Lesch typology 1 subjects, on average, have greater difficulties to perform the task than the other two typology groups. Interestingly there was a negative correlation between IL-6 and Brown Peterson scores at each time point although this did not reach significance.
The Stroop test evaluates a part of the executive functions (denomination, reading, interference) and more specifically the capacity of the interference management. Lesch typologies 2 and 3 on average, were within the norm for the three task (denomination, reading, interference), with Lesch typology 3 group scoring between −1 and +1 standard deviation around the mean (Table 4 ). The Lesch typology 2 patients have average scores for the three task in the lower norm, but showed a trend for a general slowing-down in the executives functions. However, subjects from the Lesch 1 group have average scores in the norm for the two first tasks (but in the lower norm for the reading task), and scores lower than the norm for the interference task. Indeed, these scores show that the Lesch typology 1 patients have deficient abilities of interference management. 32.9 ± 3.5 40.2 ± 5.6 39.3 ± 2.3 Daily consumption (g) 34.7 ± 5.2* 12.0 ± 1.5 20.1 ± 3.6 Anxiety (Beck questionnaire) 13.1 ± 1.9 14.6 ± 2.4 13.0 ± 2.3 MCV (fL) 97.6 ± 1.5 89.5 ± 4.3 94.8 ± 1.9 ESR (mm/h) 24.7 ± 5.4 42.8 ± 14.7 28.5 ± 5.7 CRP (mg/l) 9.7 ± 4.5 36.3 ± 3.5 10.2 ± 5.4
MCV, Mean corpuscular volume. ESR, erythrocyte sedimentation rate. CRP, C-reactive protein. *P < 0.05. 
DISCUSSION
In these present studies we have shown that by dividing alcoholic patients into homogenous grouping based on Lesch typology, it is possible to identify specific changes in a number a parameters which would be masked if the detoxifying alcoholic patients were considered as one group. Lesch typology 1 patients showed significant changes in two plasma pro-inflammatory mediators, ferritin and IL-6, as well as cognitive deficits as exemplified by changes in Stroop and Brown Pederson tests. Lesch typologies 2 and 3 patient groups exhibited a less pro-inflammatory status. Other specific neurobiological indices have also been reported in the different subtypes of Lesch's typology, namely that Lesch type 1 patients suffer from seizures and prominent withdrawal symptom (reviewed in Hillemacher and Bleich, 2008) have elevated plasma levels of both homocysteine (Bleich et al., 2004) and glutamic acid (Walter et al., 2006) and an association with the appetite-regulating peptides, ghrelin and leptin (Hillemacher et al., 2007) . ALD, a major consequence of chronic alcohol abuse, may contribute to systemic inflammation as a result of the activation on innate immune system via Kupffer cells, LPS/TLR4 signalling, when elevated levels of portal endotoxin are released possibly as a consequence of increased gut permeability. This will activate both Kupffer cells and complement pathway activation (reviewed in Gao et al., 2011) . The elevated mean activities of each of the liver enzymes determined in these present studies, aspartate aminotransferase, alanine aminotransferase and gamma glutamyl transferase decreased to the normal range after 21 days of detoxification, in the three Lesch typology groups, thereby indicating that the increased proinflammatory mediators present in Lesch typology 1 were not necessarily due to elevated liver enzymes. Other factors which may contribute to the pro-inflammatory status in the systemic circulation maybe changes in the composition of the gut microbiota, such that the translocation of bacterial products into the portal blood may contribute to alcohol-induced liver damage (reviewed by Vassallo et al., 2015) .
Plasma ferritin levels increase as a result of many factors which include inflammation, infection liver or kidney disease. Increased ferritin levels have been reported in other studies of alcoholic patients, with >70% showing levels greater than 100 ng/ml, such patients tending to drink more heavily at admission (Fuster et al., 2015) . This was also apparent in these present studies, Lesch typology 1 patients consuming significantly higher numbers of drinks than Lesch typology 2 and 3 patients. Early studies have shown that serum ferritin decreases during alcohol withdrawal (Bell et al., 1994; Ford et al., 1995; Conte et al., 1998) which is confirmed in these present studies.
The evolution of the elevated IL-6 levels in Lesch typology 1 patients is unclear. The liver enzymes activities were comparable in each group which may indicate that the increased levels of IL-6 evident only in Lesch typology 1 patients at the commencement of detoxification is not as a result of liver damage and alcohol-related increased gut permeability. Furthermore no significant changes were evident in TNFα or IL-1β, either overall or between the different groups possibly, thereby confirming that the observed changes were not due activation of innate immune cells in the liver. There is an extensive literature demonstrating that depression is associated with a chronic low-grade inflammatory response and activation of cellmediated immunity (Berk et al., 2013) with activated microglia and astrocytes contributing to the pathogenesis of psychiatric disorders (Hong et al., 2016) . Variable results are reported for patients with depressive disorder; increases in serum levels of IL-6, and TNF-α (Howren et al., 2009; Dowlati et al., 2010) of IL8 (Howren et al., 2009) and of IL-1β in one study (Howren et al., 2009) but not in another (Dowlati et al., 2010) while other studies showed no differences (Cassano et al., 2017) . MD is often comorbid with alcohol-use disorders, significantly higher levels of the IL-6, TNF-α and IFN-γ, but not of IL-10 occurs alcohol-use disorders patients with a positive history of MD. Frequent and intense drinking may attenuate the difference in the cytokine profiles between AUD patients with and without MD (Neupane et al., 2014) . There were no differences in depression score, as assessed by Beck questionnaire which confirms that this test is not sufficiently discriminating in these different Lesch typology groups.
The Stroop test evaluates executive functions, by measuring selective attention, cognitive flexibility, resistance to interference and processing speed. An increased interference effect was evident in Lesch typology 1 patients, possibly indicating an alcohol induced adverse effect on the anterior cingulate cortex and the dorsolateral prefrontal cortex. These two areas have been shown to be involved in the processing of the Stroop test. In previous studies of a heterogeneous group of alcoholic patients it was shown that such patients were not slower than controls in colour naming and reading sections of the Stroop test (reviewed in Noel et al., 2012) . In our present study we clearly identified that Leach typology 1 patients showed a greater number of deficits than the other two Lesch typology groups.
The Brown-Pederson task is typically used to evaluate shortterm memory and the interference condition is used to assess divided attention and information processing often associated with the notion of working memory and executive function. Functional brain imaging observations have suggested that the performance of the Brown-Pederson procedure is associated with the hippocampal activation (Eustache et al., 1995) , while another study indicated it was frontal cortex activation (George et al., 2001) . Lesch typology 1 patients were in difficulties with working memory. Previous studies have shown that increases in third ventricular volume are associated with decline in memory performance (Sullivan et al., 2000) .
It is clearly of interest that Lesch typology patients show increased pro-inflammatory status which could indicate that pharmacological intervention with anti-inflammatory agents might be of benefit in these patients. Acamprosate, a N-acetylhomotaurine compound, has been shown to be particularly effective in Lesch typology 1 patients, unlike Lesch typology type 3 patients who respond well to naltrexone (Kiefer et al., 2005) . The mode of action of acamprosate remains unclear, its possible interaction with glutamate receptors (De Witte et al., 2005) has recently been disputed (Spanagel et al., 2014) , which suggested that calcium alone is the active moiety. Homo taurine and taurine show potent anti-inflammatory effects in vitro in microglial cell cultures (Ward et al., 2011 ) which may also be another possible mode of action of Acamprosate.
Although the number of patients investigated in this present study was small, there were significant differences in various neurobiological and cognitive functions after a heterogenous group of alcohol abusers was divided based on Lesch typology. By understanding such neurological changes that occur in specific groups of alcohol abuser, this will help in the development of individualized therapies for alcohol abuse disorders. In the Brown Peterson test the patients are asked to repeat meaningless combinations of three letters after different times of distraction. i.e. 0 time, 5 s, 10 s and 20 s, labelled BP0, BP5, BP10 and BP20, respectively. Results between −1 and +1 are normal, while results between −1 and −2 indicate some difficulties. Under −2 is abnormal. Score lower than the norm. The Stroop test measures selective attention, cognitive flexibility and processing speed, and it is used as a tool in the evaluation of executive functions. The Stroop effect is a demonstration of interference in the reaction time of a task where it is necessary to name a colour (blue, green or red), when it is printed on a colour card not denoted by the name. The results are Z (zii) scores and results between −1 and +1 are within normal limits.
